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Claims 

1. An excimer laser device characterized by an installed 
controlling device that adjusts the concentration of the halogen 
gas in the excimer laser gas. 

2. The excimer laser device described in Claim 1 characterized 
by operation with a partial pressure ratio of HCl to Xe of less 
than 0.15, or an HCl concentration of less than 0.2%. 

Detailed Explanation of the invention 

Industrial Application Field 

This invention concerns a rare gas halide excimer laser , 
such as a XeCl, KrF, or ArF excimer laser, for example. In 
particular, it relates to the control of the concentration of the 
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halogen gas, which is necessary for the stabilization of the 
laser output. 

Prior art 

As introduced in Laser Research, Vol. 13, No. 10, 1985, 
pages 814-322, the conventional device had a device structure and 
a mixing ratio of the gas intended to obtain a high laser output. 

Problem to be solved in this invention 

The mixing ratio of the laser gas, which cannot be neglected 
in stabilizing the laser output, is not considered in the 
aforementioned existing technology, and it had the problem of 
substantially changing the laser output that accompanies a 
deterioration of the gas. 

The aim of this invention is the attainment of a rare gas 
halide excimer laser in which the change in the laser output that 
accompanies the deterioration in the gas (decrease in the 
concentration of the halogen gas) , the problem in the 
aforementioned existing technology, is reduced and in which a 
stable discharge and a stable laser output can be maintained by 
controlling the mixing ratio of the laser gas. 

Means to solve the problem 

The aforementioned aim is attained by the means below. More 
precisely, a controlling device, which adjusts the concentration 
of the halogen gas in the excimer laser gas, is installed , and 
the concentration of the halogen gas is maintained at an optimal 
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value. Either condition (1), in which the partial pressure ratio 
of the HC1 gas to the Xe gas is less than 0.15, or condition (2), 
in which the HC1 concentration is less than 0.2%, is established, 
in which a stable exciter laser output can be obtained without 
depending much on the concentration of the halogen gas. 

Function 

The components of the laser gas in an excimer laser device 
can always be maintained constant by a controlling device for the 
concentration of the halogen gas. Through this, a stable 
discharge, which is necessary for the generation of excimers 
(excited dimers; each 2 atomic molecules, XeCl*, for example), 
can be obtained. When the discharge is stable, the number of the 
excimers per discharge stabilizes. The laser output is 
proportional to the number of the excimer, and a stable laser 
output can be obtained. 

Application example 

An application example of this invention will be explained 
in Figure 1 below. In an excimer laser shown in Figure 1, a 
condensor (7) is charged by a high voltage power source (6) 
through a charging resistance (8) . As a thyratron (9) is 
afterwards in circuit, electric charges of the condensor (7) pass 
through a preliminary ionization electrode (10) and are shifted 
to a peaking condensor (11) • During this, the laser gas is pre- 
ionized by the preliminary discharge that is generated prior to 
the main discharge. The voltage at the peaking condensor (11) 
increases as the electric charges are shifted, and the main 
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discharge circuit is formed from the peaking condensor (11) -> 
cathode (12) -» anode (13) to the peaking condensor (11) when 
the laser gas (14) between the cathode (12) and the anode (13) 
reaches the dielectric breakdown voltage, and the main discharge 
is formed between the cathode (12) and the anode (13). Through 
this discharge, excimers (excited dimers; each 2 atomic 
molecules, XeCl*, for example) are formed . An excimer emits light 
as it dissociates, and laser light can be obtained from this by 
stimulated emission using a resonator. There is a phenomenon in 
which impurities that are formed through the discharge 
destabilize the next discharge when the repetition of laser 
cycles increases. This can be prevented by removing the laser gas 
between the cathode (12) and the anode (13) with a fan (15). 

The main reason for a decrease in the excimer laser output 
is a decrease in the concentration of the halogen gas. To prevent 
this, the concentration of the halogen gas within the laser gas 
(14) is monitored by a halogen gas detector (1), such as a light 
wave interference gas densitometer, for example; this value is 
compared to the set value of the concentration of the halogen gas 
(signal at the reference signal generator (2)) by a comparator 
(3); and a valve (4) is opened and the halogen gas within a 
halogen gas bomb (5) is introduced into the laser tube when the 
concentration is low. This allows the maintenance of a constant 
concentration of the halogen gas within the laser gas (14), and a 
decrease in the laser output can be prevented. 

Figure 2 shows the dependence of the laser output in an XeCl 
excimer laser on the HC1 partial pressure ratio. As can be 
observed in the figure, there is an optimal value of the 
concentration of the HCl gas for obtaining a high laser output. 
For an optimal concentration of the HCl gas, the partial pressure 
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ratio of the HCl gas to the Xe gas is near PHCl/^Xe - 0.20, or 
the HCl concentration is near 0.26%. A high output (high 
efficiency) excimer laser can be attained by controlling this 
concentration of the HCl gas with the halogen gas controlling 
device, which was explained in Figure 1 (1-5). Next, as the HCl 
partial pressure ratio drops below 0.15, a stable laser output 
can be obtained without dependence on the concentration of the 
HCl gas. More precisely, an excimer laser in which a stable laser 
output can be obtained without the control of the concentration 
of the gas (1), and an excimer laser that has mild controlling 
conditions for the HCl concentration (2) can be attained by 
operating the XeCl excimer laser with the HCl partial pressure 
ratio of below 0.15 or the HCl concentration of below 0.2%. An 
example of the XeCl excimer laser was mainly explained above, but 
the same is possible in other rare gas halide excimer lasers, 
such as KrF and ArF, for example. 

Effect of the invention 

In this invention, a decrease in the concentration of the 
halogen gas during an operation of an excimer laser can be 
prevented; therefore, a stable laser output can be obtained for a 
long period of time. Also, a stable laser output can be obtained 
without controlling the concentration of the HCl gas in an XeCl 
excimer "laser by establishing the HCl gas partial pressure ratio 
Phci/Pxs to the Xe gas below 0.15 or the concentration of the HCl 
gas below 0.2%. 
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Brief explanation of the figures 

Figure 1 is a system diagram of an application example of 
this invention. Figure 2 is an explanatory diagram which shows 
the dependence of the laser output in an XeCl excimer laser on 
the HC1 partial pressure ratio (concentration of the HC1 gas) . 

1-- -halogen concentration detector, 2 -reference signal 
generator, 3 ••• comparator , 4- • -valve, 5- • -halogen gas bomb, 
6- • -high voltage power source, 7 • • * condensor, 8- • -charging 
resistance, 9 • • • thyratron, 10 •• -preliminary ionization electrode, 
11* • -peaking condensor, 12- * -cathode, 13- - -anode, 14* * -laser gas, 
and 15 • • • fan. 




Figure 1 
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Figure 2 

Keys: 1 Dependence of the laser output on the HC1 partial 
pressure ratio 

2 Laser output 

3 HC1 partial pressure ratio 

4 Total gas pressure P KPa (buffer gas: He) 

5 Operational conditions 

6 Below 0.15 (HC1 concentration of below 0.2%) 
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